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© SUBSTANCE FOR DETECTING AMYLOID DEPOSITION. 

^ © A substance for detecting amyloid deposition and/or deposition site with excellent utility and safety, which is 
^ prepared by combining an amyloid-forming protein with a metal chelating substance. It is possible to obtain clear 
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images of amyloid deposition and/or deposition site safely in a short time by labeling the invention substance 
with a radio-isotope via the metal chelating substance. 
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TECHNICAL FIELD 

The present invention relates to a substance for specifically detecting an amyloid deposit and/or an 
amyloid deposition site. More specifically, the present invention relates to a substance for detecting amyloid 
5 deposition capable of accurately detecting an amyloid deposit and/or an amyloid deposition site caused by 
amyloidosis in such a manner as not to have a significant adverse effect on a living body. 

BACKGROUND ART 

io Amyloidosis is a disease in which an amyloid producing protein or a partial fragment of the amyloid 
producing protein deposits in a living body locally or systemically to form amyloid; a life-threatening 
condition, if symptoms are allowed to develop. 

As reported by, for example, Isobe (Table 1); in recent years it has been made clear that amyloidosis 
can be categorized into several types (Nippon Clinical Medicine vol. 50, Hemocatharsis Therapy (second 

75 volume of two-volume set) pp. 394-399 (1992)). 
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For a long period of time, local or systemic amyloid deposition in a living body was detected by 
dissecting the living body. Amyloidosis was diagnosed based on the result of this detection. 

However, it was known that depending upon the type of amyloidosis, appropriate treatments could 
enable the condition to be delayed, terminated, or improved; thus, the importance of an early diagnosis of 
amyloidosis was realized. 
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During the middle of this century, local or systemic amyloid deposits in a living body came to be 
detected through biopsy. 

The detection of amyloid by biopsy can be conducted while a patient body is still living, thus attaining 
an early diagnosis of amyloidosis. However, the detection of amyloid by the biopsy procedure involves 
5 physical pain and tissue damage; therefore, a non-invasive detection method has been demanded. 

In order to detect local or systemic amyloid deposition in a living body in a non-invasive manner, the 
detection method using a radioactive isotope has been attempted. 

The detection method using a radioactive isotope utilizes the property of an amyloid producing protein 
which accumulates to form an amyloid deposition site. According to this method, an amyloid producing 

10 protein is allowed to be bound by a radioactive isotope for the purpose of labelling. The labelled amyloid 
producing protein is then intravenously administered to a living body. The protein thus administered is 
photographed from outside of the living body by using a scintillation camera or the like. In the event 
amyloid deposits exist in the patient, an amyloid deposition site in the living body where the radioactively 
labelled amyloid producing protein is deposited is obtained as an image, whereby the amyloid deposition 

75 site is detected. Thus, this method enables amyloidosis to be diagnosed in a non-invasive manner. 

As the radioactive isotope used in the detection method utilizing a radioactive isotope: the radioactive 
isotopes selected to be used are those which can be easily measured from outside of a living body; allow 
as much diagnostic information to be obtained as possible; and have characteristics which allow for a small 
as possible dosage at radiation to be used, for example, those radioactive isotopes which do not radiate a, 

20 0~-rays (1), have a short physical half-life (2), and radiate a single 7-ray at 100 to 200 keV suitable for 
photo shooting by a scintillation camera or a single photon emission computed tomography (SPECT) 
apparatus (3), etc. Hitherto, radioactive isotopes such as iodine-123, iodine-131, and technetium -99m have 
been used for the diagnosis of amyloidosis. The advantages and disadvantages, kind, effective dosage 
amount, etc. of these radioactive isotopes are considered below. 

25 Iodine-123 has a half-life as short as 13.3 hours, decays by electron capture (EC), and has a relatively 
small 7-ray energy of 159 keV; thus, it has slight biologically adverse effects. The use of iodine-123 is 
increasing with the advancement of a recent production technology. P.N. Hawkins et al. reported the 
diagnosis of primary and secondary amyloidosis using a serum amyloid P component labelled with iodine- 
123 (Lancet, 1, 1413-1418 (1988)). However, according to this method, a protein is labelled with iodine 

30 mainly by directly labelling a tyrosine residue; hence, it cannot be avoided that deiodinase present in a 
living body causes liberation of radioactive iodine from the protein. Consequently, the liberated iodine is 
known to accumulate in the thyroid gland. This causes concern about the adverse accumulative effect of the 
iodine on a living body. Furthermore, in the case where it takes several days to detect a deposition site, the 
required amount of iodine increases. 

35 Iodine-131 is a radioactive isotope which has been the most widely used for labeling an antibody. This 
radioactive isotope has a relatively long half-life of 8.04 days, and even in the case where it takes several 
days to detect a deposition site, this isotope is more useful than the above-mentioned iodine-123 or 
technetium-99m described later. In fact, J. Floege et al. reported the diagnosis of dialysis related 
amyloidosis using ^-microglobulin labelled with iodine-131 (Kidney International, 38, 1169-1176 (1990)). 

40 However, besides its relatively long half-life of 8.04 days, iodine-131 has a 7-ray energy as large as 364 
keV and radiates 0~-ray as well. Furthermore, iodine-131 requires the blocking of the thyroid gland in the 
same manner as in iodine-123. Accordingly, there is some doubt about the wide use of iodine-131 in the 
clinical field. 

Technetium-99m has outstanding radioactive characteristics in terms of a clinical diagnosis: It has a 
45 very short half-life of 6.02 hours, decays by isomer transfer (IT), and has a 7-ray energy as small as 1 41 
keV. In addition to this, Technetium-99m is easy to produce, and it is possible to design several functional 
labeling materials. These facts alone would allow Technetium-99m to be widely used; however, because of 
its very short half-life, a large amount of radioactive isotope is required in the case where the accumulation 
of amyloid to a deposition site is made clear only after the lapse of several days, for example, as in dialysis 
50 related amyloidosis. Thus, it is advantageous to label a protein with Technetium-99m. 

As described above, the kind and amount of a radioactive isotope need to be determined by 
considering the effect of the radioactive isotope on a living body, the intensity of radiation needed for 
detection, the half-life thereof, etc. There are also problems such as the liberation of a labeling radioactive 
isotope and the accumulation thereof to a living body, as well as some difficulty in directly labeling an 
55 amyloid producing protein. Furthermore, operations for coping with these problems are complicated. 
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DISCLOSURE OF THE INVENTION 

The inventors of the present invention earnestly studied substances which enable the detection of 
amyloid deposition and/or a deposition site but which are less damaging to a living body while being 
5 capable of bringing about clear results. As a result, they found that the amyloid producing protein labelled 
with a radioactive isotope through a metal chelating substance is remarkably useful for the detection of 
amyloid deposition and a deposition site; thus achieving the present invention. 

More specifically, according to the present invention, the above-mentioned conventional problems are 
solved, and a substance for detecting amyloid deposition which contains an amyloid producing protein 
w bound by a metal chelating substance is provided. 

According to the present invention, the above-mentioned substance for detecting amyloid deposition 
labelled with a radioactive isotope through a metal chelating substance is provided. 

Furthermore, according to the present invention, a method for producing a substance for detecting 
amyloid deposition, including the step of allowing a metal chelating substance to be bound to an amyloid 
75 producing protein, followed by adding a radioactive isotope thereto is provided. 

Still furthermore, according to the present invention, a method for detecting amyloid deposition or an 
amyloid deposition site, including the steps of: intravenously administering a substance for detecting 
amyloid deposition bound by (labelled with) a radioactive isotope into a living body, and detecting the 
substance for detecting amyloid deposition by a scintillation camera is provided. 
20 Also, according to the present invention, the use of a substance containing an amyloid producing 
protein bound by a metal chelating substance for detecting an amyloid deposit in a living body or an 
amyloid deposition site is provided. 

Also, the present invention includes the use of an amyloid producing protein and a metal chelating 
substance for producing a substance for detecting amyloid deposition. 
25 Thus, according to the present invention, the objective of easily preparing a substance for detecting 
amyloid deposition useful for detecting amyloid deposition and/or a deposition site can be attained. In 
addition, the objective of detecting an amyloid deposit or an amyloid deposition site safely and accurately 
by detecting a labelled substance for detecting amyloid deposition with a scintillation camera can be 
attained. 

30 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows images of amyloid deposition and deposition sites, obtained by intravenously injecting a 
substance for detecting amyloid deposition labelled with indium-111 into a living body, followed by 
35 photographing with a scintillation camera. 

Figure 2 shows images of amyloid deposition and deposition sites obtained by intravenously injecting a 
substance for detecting amyloid deposition labelled with indium-131 into a living body, followed by 
photographing with a scintillation camera for comparison with indium-11 1. 

40 BEST MODE FOR CARRYING OUT THE INVENTION 

The substance for detecting amyloid deposition of the present invention containing an amyloid 
producing protein bound by a metal chelating substance is obtained by allowing an amino group liberated 
from the amyloid producing protein to react with a metal chelating substance under the condition that the 

45 amino group can react with the metal chelating substance. 

As the amyloid producing protein which can be used in the present invention, any of ^-microglobulin, 
serum amyloid P component, and an L-chain of immunoglobulin can be used as long as it can become a 
deposited protein characteristic of amyloidosis. These proteins can be prepared by general methods for 
purifying proteins. Examples of the methods include purification such as gel chromatography and ion 

50 exchange chromatography, dialysis, and lyophilization. Purification can be conducted by combining or 
repeating these methods. 

The metal chelating substance which can be used in the present invention is required to have a metal 
chelating site capable of binding to a radioactive isotope. Examples of the metal chelating site capable of 
binding to a radioactive isotope include an ethylenediaminetetraacetic acid (EDTA) site and a 
55 diethylenetriaminepentaacetic acid (DTPA) site. Furthermore, the metal chelating substance used in the 
present invention is required to have at least one functional group capable of reacting with a protein to bind 
thereto. 
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Specific examples of the metal chelating substance satisfying the above-mentioned conditions include 
EDTA derivatives such as isothiocyanobenzyl-EDTA, aminobenzyl-EDTA, bromoacetamidobenzyi-EDTA, 
maleimidepropylamidobenzyl-EDTA, and maleimidepentylamidobenzyl-EDTA; and DTPA derivatives such 
as DTPA anhydride, isothiocyanobenzyl-DTPA, aminobenzyl-DTPA, bromoacetamidobenzyl-DTPA, mal- 
5 eimidepropylamidobenzyl-DTPA, and maleimidepentylamidoben^yl-DTPA. li is noted that the metal chelat- 
ing substance is not limited to these examples. 

According to the present invention, the amyloid producing protein can be bound by the metal chelating 
substance, for example, by adding the above-mentioned metal chelating substance to a protein solution in a 
buffer of pH 7-10, preferably pH 8-9, and stirring the mixture at, for example, 25 °C to 37 °C overnight 
70 under physiological conditions. This reaction is conducted considering the number of molecules of the 
metal chelating substance binding to one molecule of the protein. For example, if one molecule of the 
amyloid producing protein is bound by only 0.1 or less of metal chelating substance, inconvenience is 
caused in that the radioactivity is insufficient for monitoring from outside of a living body; thereby resulting 
in another inconvenience in that an excess of protein is required to be added in order to obtain sufficient 
75 radioactivity. When the metal chelating substance is allowed to be bound to all of the sites of the amyloid 
producing protein capable of being modified, the specificity of the amyloid producing protein disappears 
due to the change in its stereoscopic structure and the possibility of generating immune response is raised 
by excess modification of the protein. Thus, it is required to determine the number of molecules of the 
metal chelating substance bound to one molecule of the protein. 
po Furthermore, according to the present invention, the substance for detecting amyloid deposition 
containing an amyloid producing protein bound by a metal chelating substance is labelled with a radioactive 
isotono through the metal chelating substance. 

As tho radioactive isotope which can be used in the present invention, metal elements capable of 
forming a complex with the metal chelating substance are selected. Examples of the metal elements include 
mdum-1 1 1 and technetium-99m. These elements have remarkable advantages that they can strongly bind 
♦o the motai chelating substance under the physiological conditions and do not require steps for protecting 
sfft.-cif>t.-d sites such as blocking of the thyroid gland. 

Th< mdmrr-1 1 1 has two relatively large 7-ray energies, i.e., 172 keV and 247 keV; however, its half-life 
is 2 8* davs Even considering that the accumulation of amyloid to a deposition site is not made clear until 
u s« vt fci days elapse in the case of the above-mentioned dialysis related amyloidosis, this half-life is 
appfopfuMo In addition, indium-111 has advantages in that since it decays by EC and radiates only 7-ray, 
:hr- (i.i5j}v ol radiation in a living body is small, resulting in less adverse effect on the living body as 
compared *»th iodine- 131. 

Tho mttal chelating substance bound to the amyloid producing protein is bound by a radioactive 
i«. isotof-*-' by adding the radioactive isotope to a solution of the substance for detecting the amyloid deposition 
and stun-v) tho mixture for an appropriate period of time. For example, a solution containing the above- 
rmntionud radoactive isotope is added to the amyloid producing protein bound by the metal chelating 
sutstenco and pu'ified by gel chromatography. The mixture thus obtained is stirred for several hours and a 
•ret; Mdioactivc isotope is removed from the mixture by gel chromatography. This procedure can be 
cordu:tcJ aseptically. and the resulting substance can be used as a sample for intravenous injection. 

The substance for detecting amyloid deposition of the present invention is appropriate for clinical 
application for the following reasons: The amyloid producing protein previously allowed to be bound by the 
metal chelating material can be stored for a long period of time in this form. Since the amyloid producing 
protein prev ously allowed to be bound by the metal chelating material is not bound by radioactive isotopes, 
js it can be easily stored. In the case where the metal chelating material bound to the amyloid producing 
protein is required to be labelled, labelling can be easily conducted by the above-mentioned method, right 
belore being used for detecting amyloid deposition and deposition sites. 

Furthermore, the labelled substance for detecting amyloid deposition can be prepared for intravenous 
injection as described above. Thus, amyloid deposition and/or a deposition site can be detected by 
50 intravenously administering the labelled substance and detecting the substance accumulated at a deposition 
site of the amyloid producing protein by a scintillation camera. 

The substance of the present invention for detecting amyloid deposition is easily prepared and allows a 
detection result to be obtained in a shorter period of time compared with conventional methods. Therefore, 
the substance shortens the time burden on patients and is very notable in terms of safety. Furthermore, 
55 compared with images obtained by imaging with iodine-131, the radioactivity of a radioactive isotope used 
in the present invention enables a sharp image of an amyloid deposition site to be obtained. Therefore, the 
spread and range of a lesion can be accurately evaluated. 
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As described above, according to the present invention, the substance for detecting amyloid deposition 
which is very remarkable in terms of usefulness and safety in the detection of amyloid deposition and/or a 
deposition site, can be provided. 

5 Example 

Hereinafter, the present invention will be described in relation to 02-microglobulin; which is an amyloid 
producing protein in amyloidosis, especially dialysis related amyloidosis. The present invention is not 
limited to dialysis related amyloidosis and can be applied to deposited proteins caused by other specific 
w amyloidosis; such as serum amyloid P component and an L-chain of immunoglobulin. 

( 1. Purification of ^-microglobulin ) 

Urine of a patient suffering from renal insufficiency, who is negative to human immunodeficiency virus 
75 (HIV) and hepatitis virus was ultrafiltrated to concentrate a £2-microgIobulin-rich fraction. This concentrate 
was fractionated by gel chromatography (Sephadex G-75, produced by Pharmacia), followed by being 
purified by ion exchange chromatography (DEAE-Sephacel, produced by Pharmacia). The £2-microglobulin- 
rich fraction was dialyzed against distilled water at 4*C and lyophilized. The resulting 02-microglobulin-rich 
fraction was applied to high performance liquid chromatography (HPLC) using a gel filtration column (TSK 
20 Gel 2000SW, produced by Tosoh Corporation) to collect a fraction which was further rich in £2- 
microglobulin. The fraction thus collected was further purified by ion exchange chromatography and then 
HPLC, whereby further purified 02-microglobulin was obtained. 

(2. Binding between ^-microglobulin and isothiocyanobenzyl-EDTA (SCN-Bz-EDTA) ) 

25 

A saturated solution of trisodium phosphate was added to a solution of phosphate buffer (0.15 M, pH 
8.0) containing 5 mg of 02-microglobulin to adjust the pH of the buffer to 8.5. Then, 27.5 ul of a phosphate 
buffer (0.15 M, pH 8.0) containing 0. 55 mg of SCN-Bz-EDTA was added to the mixture and stirred at 30 'C 
overnight. This reaction mixture was subjected to gel chromatography (Sephadex G-25, produced by 

30 Pharmacia) to remove any unreacted metal chelating substance. The resulting solution was kept at about 
4 • C. The resulting purified product which had been subjected to gel chromatography had almost the same 
elution volume as that of unmodified /^-microglobulin. 

The number of molecules of the chelating substance bound to one molecule of the protein was 
confirmed by measuring the decrease in amino groups present on the surface of protein. First, the £2- 

35 microglobulin solution before the reaction and the reaction mixture before being purified by gel chromatog- 
raphy were sampled. The number of molecules of the metal chelating substance bound to one molecule of 
the protein was calculated by measuring the number of decreased amino groups per molecule of the 
protein, by a method using trinitrobenzenesulfonic acid. The result is shown in Table 2. 

40 Table 2 



Number of decreased amino groups when equivalent weight of SCN-Bz-EDTA is reacted with 

£2-microglobulin 


No. 


Equivalent weight (eq.) 


Number of decreased amino groups per molecule of protein 


1 


1 


0.6 


2 


3 


0.9 


3 


10 


2.2 



( 3. Introduction of indium-111 ) 

55 First, 0.004 M hydrochloric acid solution of 111 lnCl3 (indium 111, 185 MBq, produced by Amersham 
Corp.) was added to about 5 mg of ^-microglobulin bound by the metal chelating substance purified by 
gel chromatography. The mixture was stirred for several hours. Then, the mixture was aseptically subjected 
to gel chromatography using Sephadex G-25 to remove free indium, whereby a sample for intravenous 
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injection radiolabeled with a radioactivity of about 74 MBq was obtained. 
( 4. Example of application ) 

5 A sample for intravenous injection radiolabeled with a radioactivity of about 74 MBq obtained by adding 
indium-111 to ^-microglobulin bound by the metal chelating materia! under the condition of No. 2 in Table 
2 right before the detection of amyloid, was intravenously injected to a patient K.N. suffering from dialysis 
related amyloidosis. As shown in Figure 1, images of amyloid deposition and deposition sites were obtained 
by using a scintillation camera one hour after the injection. 

70 As a comparative example, the identical patient K.N. was imaged by using amyloid protein labelled with 
iodine-131. The result (in Figure 2) was compared with the result shown in Figure 1. Consequently, the 
following observation was obtained concerning indium-111: (1) A clear image is obtained; (2) Amyloid 
deposition and an amyloid deposition site can be detectable in a shorter period of time compared with the 
method using iodine-13 1; (3) indium-111 is hardly accumulated to a liver, and (4) No accumulation of 

75 indium-1 1 1 in the thyroid gland is found. 

As is understood from the above results; indium-111, which is a radioactive isotope used in the present 
example, radiates only ?-ray so that a clear image of an amyloid deposition site can be obtained. On the 
other hand, iodine-131 radiates 0~-ray in addition to 7-ray which makes the background of an image 
unclear because of its irregular reflection; therefore, it takes at least 2 days to obtain an image from which 

20 the accumulation of the amyloid producing protein can be detected. Thus, the image obtained from iodine- 
131 is unclear compared with the image obtained by using indium-111. 

As described above, the present invention has been described illustrating indium-111. Technetium-99m 
can also be labelled in the same way as in indium-111. Although technetium-99m is not appropriate in the 
case where it takes several days to detect deposition sites as described above, this radioactive isotope is 

25 useful according to the present invention which enables the result of the detection to be obtained in a 
shorter period of time, compared with the conventional method. 

Claims 

30 1. A substance for detecting amyloid deposition comprising an amyloid producing protein bound by a 
metal chelating substance. 

2. A substance for detecting amyloid deposition according to claim 1, labelled with a radioactive isotope 
:hrough the metal chelating substance. 

35 

3. A substance for detecting amyloid deposition according to claim 2, wherein the radioactive isotope is 
indium-111. 

4. A substance for detecting amyloid deposition according to claim 2, wherein the radioactive isotope is 
40 technetium-99m. 

5. A substance for detecting amyloid deposition according to claim 1, wherein the amyloid producing 
protein is ^-microglobulin or a dimer thereof. 

45 6. A suostance for detecting amyloid deposition according to claim 1, wherein the amyloid producing 
proteh is a partial peptide of 02-microglobulin. 

7. A substance for detecting amyloid deposition according to claim 1, wherein the metal chelating 
substance has an ethylenediaminetetraacetic acid site. 

50 

8. A substance for detecting amyloid deposition according to claim 1, wherein the metal chelating 
substance has a diethylenetriaminepentaacetic acid site. 

9. A substance for detecting amyloid deposition according to claim 1, wherein the metal chelating 
55 substance is introduced to such a degree as not to cause disruption of a stereoscopic structure of the 

amyloid producing protein. 
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10. A method for producing the substance for detecting amyloid deposition of claim 2, comprising the step 
of: 

allowing the metal chelating substance to be bound to the amyloid producing protein, followed by 
adding the radioactive isotope thereto. 

11. A method for detecting an amyloid deposit or an amyloid deposition site, comprising the steps of: 

administering the substance for detecting amyloid deposition of claim 2 to a living body through an 
intravenous injection; and 

detecting the substance for detecting amyloid deposition by a scintillation camera. 

12. A use of a substance for detecting amyloid deposition comprising an amyloid producing protein bound 
by a metal chelating substance, for detecting an amyloid deposit or an amyloid deposition site in a 
living body . 

13. The use according to claim 12, wherein the substance for detecting amyloid deposition is labelled with 
an radioactive isotope through the metal chelating substance. 

14. The use according to claim 13, wherein the radioactive isotope is indium-111. 

15. The use according to claim 13, wherein the radioactive isotope is technetium-99m. 

16. Tho uso according to claim 12, wherein the amyloid producing protein is /^-microglobulin or a dimer 
thereof 

17. The use according to claim 12, wherein the amyloid producing protein is a partial peptide of ff 
„ microglobulin 

1a The use according to claim 12, wherein the metal chelating substance has an 
e:hyien-jd»aminctetraacetic acid site. 

19. Truj use according to claim 12, wherein the metal chelating substance has a diethylenetriaminepe' 
toacotic acid site. 

20. Tho us<j according to claim 12, wherein the metal chelating substance is introduced to such a deg -. 
as nDt to cause disruption of a stereoscopic structure of the amyloid producing protein. 

21. A use of an am/loid producing protein and a metal chelating substance for producing a substance :;-r 
detecting am/loid deposition. 
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